Gene flow is expected to limit adaptive divergence, but the ecological and behavioural factors that govern gene flow are still poorly understood, particularly at the earliest stages of population divergence. Reduced gene flow through mate choice (sexual isolation) can evolve even under conditions of subtle population divergence if intermediate phenotypes have reduced fitness. We indirectly tested the hypothesis that mate choice has evolved between coexisting littoral and pelagic ecotypes of polyphenic pumpkinseed sunfish (Lepomis gibbosus) that have diverged in morphology and resource use and where intermediate phenotypes have reduced performance. We assessed the ecotype of nesting males and females using stable isotope estimates of diet and a divergent male morphological trait, oral jaw width. We found positive assortative mating between ecotypes in a common spawning habitat along exposed lake shorelines, but contrary to expectations, assortative mating was variably expressed between two sampling years. Although the factors that influence variable assortative mating remain unclear, our results are consistent with mate choice being expressed by ecotypes. Despite being variably expressed, mate choice will reduce gene flow between ecotypes and could contribute to further adaptive divergence depending on its frequency and strength in the population. Our findings add to a growing body of evidence indicating mate choice behaviour can be a plastic trait, an idea that should be more explicitly considered in empirical studies of mate choice as well as conceptual frameworks of mate choice evolution and adaptive divergence.
Introduction
Gene flow constrains adaptive divergence by homogenizing populations (Hendry et al., 2002; Lenormand, 2002; Nosil & Crespi, 2004 ), yet how barriers to gene flow evolve is still largely unknown. In particular, the evolution and relative importance of different barrier mechanisms are difficult to study, because complete reproductive isolation can obscure early barriers to gene flow (Butlin et al., 2008 (Butlin et al., , 2012 Gavrilets, 2014) . Empirical studies focused on the accumulation of barriers to gene flow during early population divergence are valuable because they can evaluate the influence of early barriers on the evolution of subsequent ones (Rundle & Nosil, 2005; Butlin et al., 2008) . Understanding the evolutionary sequence of barriers to gene flow is critical to building accurate models of adaptive divergence.
Premating barriers to gene flow include habitat and sexual isolation and are among the earliest barriers expected to evolve between adaptively diverging populations in scenarios of incomplete geographic isolation (Rundle & Nosil, 2005; Stelkens et al., 2010) . Limited genetic adaptation under divergent selection between alternate habitats can favour habitat preferences that reduce dispersal, promote local reproduction and limit gene flow (Rice & Salt, 1990; Edelaar et al., 2008) . Evidence of assortative mating as a by-product of habitat selection has accumulated in multiple animal taxa including divergent stream-lake pairs of threespine stickleback (Gasterosteus aculeatus; Bolnick et al., 2009) and host-associated phytophagous insects (Funk et al., 2002; Nosil et al., 2006) . Sexual isolation, or 'mate choice', can also limit gene flow between populations through positive assortative mating resulting from reduced recognition or preference for heterotypic mates (Funk, 1998; McKinnon et al., 2004) . Adaptive mate choice can evolve through 'reinforcement', when the reduced fitness of hybrid offspring generates positive selection for homotypic preference (Servedio & Noor, 2003) . Theory suggests that opportunities for reinforcement are greatest when intermediate levels of gene flow produce a mix of intermediate hybrids and divergent specialists that increase the opportunity for selection (Kirkpatrick, 2000; Nosil et al., 2003) . Sexual isolating mechanisms are therefore expected to arise early in population divergence after some gene flow reduction, such as in populations with parapatric spatial structure that still include opportunities for heterotypes to encounter each other during reproduction.
Ecological and phenotypic divergence within populations is common among temperate freshwater fishes in post-glacial environments with low species richness (Robinson & Wilson, 1994; Hendry, 2009 ). In these 'polyphenisms', intraspecific competition is thought to drive colonization of novel habitats, after which divergent selection favours alternate ecologically specialized phenotypes, or 'ecotypes'. Examples include stream and lake forms (e.g. stickleback, salmonids; Hendry, 2001; Hendry et al., 2002) and within-lake shallow littoral and open water pelagic forms (e.g. sunfish, whitefish, stickleback; Robinson & Wilson, 1994; Rundle et al., 2000) . The extent of adaptive divergence is limited by gene flow (Hendry et al., 2002; 2008) yet we know little about barriers to gene flow among coexisting ecotypes in most of these systems. Here, we investigate mate choice as a potential barrier to gene flow between divergent ecotypes of polyphenic pumpkinseed sunfish (Lepomis gibbosus Linnaeus) that have evolved in sympatry in multiple post-glacial lakes (Robinson et al., 1993 (Robinson et al., , 2000 Jastrebski & Robinson, 2004; Weese et al., 2012) .
Polyphenic populations of pumpkinseed are an ideal system to study the evolution of sexual isolating mechanisms because divergence is recent (< 12 000 ybp), well replicated across populations (Robinson et al., 2000; Jastrebski & Robinson, 2004; Weese et al., 2012) , and spawning occurs regularly in different habitat types (Colborne et al., 2016) . Additionally, the negligible neutral genetic differentiation between ecotypes (Weese et al., 2012; Colborne et al., 2016) indicates that postmating genetic incompatibilities are unlikely to obscure other barriers to gene flow. In ancestral populations, pumpkinseed forages and reproduces in the shallow littoral bay habitat, but polyphenic populations have diversified to include an open water pelagic ecotype that forages and reproduces near submerged rocky shoals (Jastrebski & Robinson, 2004) . Thus, habitat use for foraging and reproduction has diverged between shallow littoral bay and open water pelagic lake habitats. Divergence between pumpkinseed ecotypes is likely a response to reduced interspecific resource competition because it most commonly occurs in the absence of competitors for pelagic zooplankton prey, such as bluegill sunfish (Lepomis machrochirus) (Robinson et al., 2000; Gillespie & Fox, 2003) . The derived pelagic ecotype primarily forages on zooplankton in the pelagic zone surrounding submerged rocky shoals, whereas the littoral ecotype forages on benthic macroinvertebrates (Robinson et al., 1993; Jastrebski & Robinson, 2004) . This ecological divergence is correlated with divergence in functional morphological traits, including body shape, jaw size and gill raker structure (Gillespie & Fox, 2003; Riopel et al., 2008; Colborne et al., 2016) . Morphological variation is related to foraging performance on habitat specific prey (Parsons & Robinson, 2007) and components of fitness such as growth and condition factor, suggesting divergent selection between lake habitats Colborne et al., 2016) . It is important to note that there is continuous variation in these traits with many intermediates between ecotype extremes (Robinson et al., 2000) .
Habitat preference (McCairns & Fox, 2004 ) likely contributes to positive assortative mating between ecotypes because reproduction in littoral bays and pelagic shoals is strongly biased towards the local habitat specific ecotype (Colborne et al., 2016) . However, it is uncertain whether assortative mating within habitats is solely a passive by-product of habitat use or whether active mate choice also may contribute to assortative mating. Mate choice can evolve even when phenotypic divergence is subtle (Snowberg & Bolnick, 2008 , so our study seeks to clarify whether pumpkinseed ecotypes express active mate choice. If so, then we expect positive assortative mating for homotypes (matching ecotype) in spawning habitats where both littoral and pelagic ecotypes spawn. We hypothesize that individuals may encounter both heterotypes and homotypes when spawning along exposed 'open shorelines' that are in close proximity to both littoral bay and pelagic habitats. Observing mating behaviour in the field is difficult because the spawning duration is short and unpredictable, so we assessed mate choice indirectly. We used stable isotopes to estimate ecotype for nesting males and mated females, using their progeny as a proxy for maternal tissue (Colborne et al., , 2016 . To increase the precision of our estimate of male ecotype, we incorporated a divergent morphological trait, oral jaw width. To assess the opportunity for mate choice (i.e. both ecotypes are present), we compared ecotype variation among pumpkinseed spawning in open shoreline habitat sampled in this study to variation among pumpkinseed in littoral bay and pelagic shoal habitats sampled from this population and reported by Colborne et al. (2016) . Lastly, we tested for assortative mating using the estimated ecotype of nesting males and their mated females.
Materials and methods

Study location
Ashby Lake, ON (45°05 0 N, 77°21 0 W, Fig. S1 ), is a Canadian Shield lake with a surface area of 2.59 km 2 , a maximum depth of 36.6 m, and is primarily composed of open water pelagic habitat punctuated by islands and submerged rocky shoals. A narrow band of 'open shoreline' habitat (< 2 m deep, < 5 m from shore) that is exposed to the deep pelagic habitat because of a steeply sloped bottom makes up roughly 90% of the total lake shoreline. Sheltered littoral habitat with macrophyte vegetation occurs in small bays, accounting for < 10% of total lake surface area (Jastrebski & Robinson, 2004) . The local pumpkinseed population exhibits a littoralpelagic polyphenism involving divergent foraging ecotypes and morphology (Jastrebski & Robinson, 2004; Berchtold et al., 2015; Colborne et al., 2016) .
Pumpkinseed spawn in nests constructed and defended by a single male (Carlander, 1977; Rios-Cardenas & Webster, 2005) . Spawning occurs when gravid females approach the nest and, if accepted, deposit eggs simultaneous with male fertilization. Pumpkinseed typically excavates nests in sheltered littoral bays with soft granular substrate, although here the pelagic ecotype will also nest in depressions on large rocks that make up submerged pelagic shoals. Considerable nesting also occurs in the narrow open shoreline habitat (Jastrebski & Robinson, 2004) (Fig. S1 ). These sampling periods coincided with peak pumpkinseed spawning activity and varied between years because pumpkinseed spawning is highly regulated by water temperature and food availability and can shift in timing between years (Dembski et al., 2006; Zieba et al., 2010) . Different sites were sampled between years to reduce potential detrimental effects on local reproduction, but at the expense of confounding site and year effects in our subsequent analysis.
During snorkelling surveys of sampling sites, we identified nesting males based on stereotypic behaviours including chasing off other fish, fanning eggs and nest cleaning (Rios-Cardenas & Webster, 2005) . We hand-netted or angled nesting males (2014: n = 23, 2015: n = 39) and collected all progeny (eggs or free embryos) from each nest by suction with a large basting tube (mean progeny per nest = 576 AE 306 SD; from Garvey et al., 2002) . Nesting males were euthanized with clove oil and along with their progeny were uniquely labelled and frozen at À20°C for later analysis. We used progeny tissue from eggs or free embryos (post-hatch embryos subsisting on their maternal source yolk sac for 6-8 days prior to external feeding and free-swimming larvae stage; Garvey et al., 2002) as proxies for maternal tissue because female pumpkinseed are only briefly present for spawning, making capture impractical. In closely related bluegill sunfish (Lepomis macrochirus), the isotopic composition of eggs do not differ from maternal tissue over the course of development for d 13 C and differ < 0.03& for d 15 N, allowing eggs and free embryos to be used as a proxy for female isotopic composition (Snowberg & Bolnick, 2008; Colborne et al., 2015 Colborne et al., , 2016 . Nest depth below water surface (m) and distance to shoreline (m) were measured to assess ecotype differences in nest site selection. Using principal component analysis (PCA), the first principal component of these two measures explained 82% of total variation in nest microhabitat position (MH).
We determined baseline stable isotope ratios from characteristic prey samples that distinguish the local littoral and pelagic energy pathways and were collected from each sampling site. Unionid mussels closely reflect the stable isotope ratios of zooplankton because they feed primarily on phytoplankton at the base of the pelagic energy pathway (Vander Zanden & Rasmussen, 2001) . Snails provide a similar representative baseline stable isotope ratio for the littoral energy pathway (Post, 2002; Colborne et al., 2016) . Both baseline groups share a similar incorporation rate of stable isotopes to fish tissue because they are relatively longlived (Post, 2002) . We conducted baseline sampling to coincide with nest sampling (June 25-July 15 2014: n = 12 mussels, n = 12 snails; June 16-25 2015: n = 11 mussels, n = 10 snails). Mussels and snails differed significantly from each other in their mean d 15 N and d 13 C in both 2014 (d 13 C: t 11 = 34.60, P < 0.0001; d 15 N: t 16 = À6.49, P < 0.0001) and 2015 (d 13 C: t 9 = 16.84, P < 0.0001; d 15 N: t 16 = À9.27, P < 0.0001), and so distinguish pelagic from littoral energy pathways (Fig. 1 ).
Sample preparation
We used liver tissue sampled from each nesting male to estimate the per cent contribution of littoral prey to his diet because liver tissue has a turnover rate of several weeks (Boecklen et al., 2011) and so reflects diet during the prespawning period as opposed to overwintering when pumpkinseeds do not eat (Carlander, 1977) . We visually sorted and cleaned progeny samples from contaminants (i.e. plant and sediment material) under a dissection microscope and removed all shell components from baseline samples. The mussel 'foot' was removed to facilitate homogenization. We freeze-dried all tissues at À50°C for a minimum of 24 h and ground all tissue samples with a ThermoSavant FastPrep (FP120) tissue grinder (QBioGene, CA, USA).
Stable isotope ratios of carbon (d 13 C) and nitrogen (d 15 N) were estimated from dried samples of liver and progeny tissue (400-600 lg) and from dried samples of baseline tissue (600-800 lg). Male body size was measured as standard length (mm). To evaluate the relationship between stable isotope estimates of diet and divergent foraging morphology, we also measured the outside oral jaw width of nesting males, relative to their standard length, with callipers. Mouth gape limits the upper size of consumable prey (i.e. benthic macroinvertebrates in littoral-type diets) and is also related to pharyngeal jaw size, a key feature that distinguishes ecotypes (Gillespie & Fox, 2003; Berchtold et al., 2015) . 
Due to lower incorporation of C 13 in fatty acids compared to proteins, tissues high in lipids tend to have lower d
13 C values than other tissue types and so can skew measured stable isotope ratios relative to other tissues (Kiljunen et al., 2006) . To correct for a lipid effect, we used the mass balance correction model for freshwater organisms (Kiljunen et al., 2006) for each tissue sample:
and
where L is the estimated lipid content of each sample based on its atomic C : N ratio, D is the mean & discrimination factor between lipids and proteins for freshwater organisms (7.018&), and a value of 0.048 for the constant I. See table S1 for stable isotope data.
Diet analysis
We estimated the proportional contribution from the littoral energy pathway (hereafter '%littoral source') for each male and progeny sample with two-member -32 -30 -28 -26 -24 -22 -20 -18 -16 -14 -12 -32 -30 -28 -26 -24 -22 -20 -18 -16 -14 -12 Bayesian mixing models in SIAR (stable isotope analysis in R; Parnell et al., 2010 Caut et al., 2009; Locke et al., 2014) . The %littoral source for male and progeny were log 10 -transformed to improve homoscedasticity for all analyses below (Levene: F 1,122 = 1.72, P = 0.67), excluding our evaluation of male ecotype variation because the actual range of diet variation was of interest there. To assess the relationship between stable isotope estimates of diet and foraging morphology, we linearly regressed male relative oral jaw width against log 10 of male %lit-toral source. A positive relationship is evidence that stable isotope estimates of diet are functionally related to ecotype.
Spawning ecotype variation
Low ecotype variation among spawning pumpkinseed reduces the opportunity for assortative mating to be expressed, as there are insufficient differences for assortment. To evaluate if ecotype variation sampled in this study provided an opportunity for assortative mating, we compared our data to ecotype variation among pumpkinseed sampled from littoral bay or pelagic shoal sites in a prior study. Colborne et al. (2016) sampled pumpkinseed in 2012 from Ashby Lake using the same collection and stable isotope diet estimate techniques as in this study. We predicted greater ecotype variation among pumpkinseed sampled from open shoreline habitat because this habitat is physically contiguous with littoral bay habitats and in close proximity to pelagic habitat, and potentially provides nesting habitat for the full range of ecotype variation in this population. In contrast, littoral bay and pelagic shoal nesting sites are exclusively used by their respective ecotypes (Colborne et al., 2016) because of high habitat fidelity (McCairns & Fox, 2004) . We first compared coefficients of variation (CVs) for the diet (%littoral source) of males from Central, Eastern and Western open shoreline sites (Fig. S1 ) sampled here to CVs for the diets of males from pelagic shoal and littoral bay habitats reported by Colborne et al. (2016) . We also fit unimodal and multimodal models to residual variation in the diet of males from open shoreline sites after removing mean site effects, and to residual variation in the diet of males from littoral bay and pelagic shoal habitats after removing mean habitat effects with ANOVA. Models assumed either 1 or 2 peaks, and variable treatment of skewness and kurtosis. We used Akaike information criterion (AICc) to compare how well models accounted for variation in the diet of males from open shoreline vs. combined littoral bay and pelagic shoal habitat. We assume that a unimodal best fit to a distribution implies less ecotype variation than to a multimodal best fit.
Ecotype score and assortative mating
In this study, sites did not differ in the mean or variance of %littoral source for males (F 2,59 = 2.49, P = 0.09; Levene: F 2,59 = 0.91, P = 0.41) or for progeny (F 2,59 = 0.86, P = 0.43; Levene: F 2,59 = 1.11, P = 0.34), and so we combined sites sampled in 2014 while maintaining year as a blocking factor in our tests of assortative mating. 'Diet' (log 10 of %littoral source) was positively related to oral jaw width for males sampled here and so differentiated ecotypes (see Results; Fig. 3 ). The explained variation in oral jaw width for this relationship was moderate (R 2 = 0.31) but left substantial variation unexplained. To estimate male ecotype more precisely, we constructed an ecotype 'score' using PCA that incorporated a male's relative oral jaw width with their diet (log 10 of %littoral source). PC1 accounted for 78% of total variation in these two measures and so increased the precision of male ecotype score (ES) over stable isotope diet estimates alone. Comparable morphological data were not available for spawning females because they were not captured, and so female ecotype is estimated with less precision than that of males. Our approach is consistent with other studies that incorporate additional information on morphology or nest habitat in indirect tests of assortative mating (Snowberg & Bolnick, 2012; Colborne et al., 2016) .
We tested for positive assortative mating between pumpkinseed ecotypes using a set of linear models that related the log 10 of progeny %littoral source to male ES while accounting for the potential effects of three additional factors that may influence mating behaviour or encounter probability between ecotypes. Year (YR) was included to account for potential annual variation in stable isotope diet estimation. Body size often influences mating in fishes (Conte & Schluter, 2013) , and so male standard length (SL) was also included. Nest MH was included to account for variation in nest site selection. Mate choice can also respond to a variety of internal and external factors (Rodr ıguez et al., 2013; Ah-King & Gowaty, 2016) that may differ between ecotypes, and so we included two-way interaction terms between male ES and the three covariates; year, body size and nest microhabitat.
We reduced the risk of over-parameterizing by limiting our model set to 12 models (Table 2) that evaluated the power of male ES to explain variation in progeny %littoral source while accounting for the effects described above. We identified the set of the most parsimonious models using the second-order AICc (Anderson, 2008) . We ranked models by AICc scores, with the best model having the lowest AICc, and retained all models with a ΔAICc ≤ 4 from the top model. This set was further distinguished by a 95% credibility set based on their Akaike weight, which estimates each model's probability of being the best model in the given set (Symonds & Moussalli, 2011) . The credibility set were those models that fell within the cumulative Akaike weight of ≤ 0.95 (Symonds & Moussalli, 2011) . Individual variables were ranked by their predictive weights, which are calculated by summing the Akaike weights for each model within the 95% credibility set that a given variable appears in (Anderson, 2008; Symonds & Moussalli, 2011 ). The top model was identified as the one including only and exclusively variables with high predictive weights (> 0.5). This model was used to test for assortative mating between pumpkinseed ecotypes. All analyses were done in R 3.3.1. (R Core Development Team, 2008.
Results
There was considerable variation in diet among nesting males sampled from open shoreline sites in Ashby Lake in both 2014 and 2015 (Fig. 2) and this was associated with variation in a functionally relevant trait, oral jaw width. Male diet (log 10 of %littoral source) was positively related to their oral jaw width in the combined samples for both years (R 2 = 0.31, t 60 = 5.15, P < 0.0001, Fig. 3 ) and in each year alone (2014: R 2 = 0.33, t 22 = 3.20, P = 0.0043; 2015: R 2 = 0.28, t 38 = 3.78, P = 0.0006). This relationship did not differ significantly between years (interaction: F 1,58 = 2.24, P = 0.14).
It is likely there was sufficient ecotype variation in our data to effectively test for assortative mating. Diet variation among males sampled from open shoreline sites in this study was greater than variation among spawning males in littoral bay and pelagic shoal habitats sampled from this same population in 2012 (Colborne et al., 2016) . The coefficient of variation (CV) for diet was consistently greater among spawning males from open shoreline sites sampled here compared to the diets of males sampled from pelagic shoal or littoral bay habitats in 2012 (Table 1 ). In addition, AICc model fitting to distributions of male diet revealed that open shoreline males sampled here were best fit by a twogroup normal model, whereas the combined centred distributions of littoral and pelagic males sampled by Colborne et al. (2016) were best fit by a one-group normal model (Table 1) .
We found evidence of positive assortative mating by ecotypes through evaluation of a model set that considered the relationship between nesting male ecotype and progeny %littoral source (a proxy for female ecotype) after accounting for variation due to year, male body size and nest microhabitat. Six models had ΔAICc ≤ 4 from the top model and the 95% credibility set excluded one of these ( Table 2 ). The model containing variables with the highest predictive weights included male ES, male body size, year and an interaction between male ES and year ( Table 2 ). Models that included nest microhabitat and an interaction between male body size and ES were rejected on the basis of low predictive weights (< 0.18) compared to the predictive weights for male body size (0.64) and an interaction between year and male ES (0.79). The top model provided evidence that assortative mating by ecotypes Trendline is for all males because there was no difference in the relationship between years (statistical details shown in Results).
varied between sampling years (interaction of male ES and year: F 1,57 = 4.73, P = 0.034). After accounting for body size variation, assortative mating by ecotypes was positive in 2014 (R 2 = 0.31, t 22 = 2.91, P = 0.0086; Fig. 4a ), but random in 2015 (R 2 = 0.045, t 38 = À0.21, P = 0.83; Fig. 4b ). There was some evidence that male body size may be negatively related to progeny %lit-toral source in the top AICc-ranked model (F 1,57 = 3.99, P = 0.051), although the effect of male standard length was not significant within years (2014: t 22 = À1.57, P = 0.13; 2015: t 38 = À1.30, P = 0.20), which suggests that the evidence for body size effects on mating behaviour was weak.
Discussion
We found evidence consistent with active mate choice for homotypes among spawning pumpkinseed along open shorelines; however, mate choice appears to be variably expressed. In sites sampled in 2014, we found positive assortative mating by ecotypes, whereas in 2015 mating between ecotypes was random. The design of this study confounds spatial variability between the different sites sampled and temporal variability between the sampling years. Although we cannot discriminate whether assortative mating is variably expressed in space or time, this uncertainty does not weaken the evidence for flexible mate choice. The majority of available nesting habitat in Ashby Lake occurs along the narrow open shoreline and so this habitat is likely central to regulating gene flow between coexisting pumpkinseed ecotypes.
It is essential to evaluate alternatives to behavioural flexibility in mate choice as an explanation for variation in assortative mating observed. First, we could have observed assortative mating in 2014 as a result of Coefficients of variation (CVs) for pumpkinseed diet (%littoral source) distributions were consistently larger in open shoreline sites compared to pelagic shoal or littoral bay sites for the same population. Six models were fit to diet distributions for combined and centred pelagic and littoral pumpkinseed, and for combined and centred open shoreline pumpkinseed (details in methods). Reported are the AICc scores for the top unimodal and multimodal models for each distribution. †Combined distribution after removing mean differences between sites. Independent model variables are as follows: male ecotypes score (ES), male body size as standard length (SL), year (Y) and male nest microhabitat position (MH). Models are ranked by AICc score. A 95% credibility set of models within DAICc ≤ 4 using Akaike weights (bolded) retained the top 5 models. Predictive weights of variables were calculated by summing the Akaike weight for each model a given variable appeared in within the 95% credibility set (Symonds & Moussalli, 2011) .
sampling sites with a wider range of ecotypes. However, this seems unlikely because there was no difference in the mean or variance of male or progeny (and hence maternal) %littoral source between open shoreline sampling sites in this study. Another potential explanation is that different cohorts may spawn in different years and generate cohort-specific differences in assortative mating. This is unlikely because pumpkinseeds are iteroparous spawners and typically reproduce for 4-6 years after maturation in northern lakes (Fox, 1994) . It is also possible that we sampled different age classes between years due to differences in sampling timing as relative spawning time is related to age and condition (Danylchuk & Fox, 1994) . However, this also seems an unlikely explanation for variation in assortative mating because sampling coincided with peak pumpkinseed spawning activity in each year, which varies with water temperature and food availability (Dembski et al., 2006; Zieba et al., 2010) . It is also important to recognize that our test of assortative mating is indirect because we assessed the outcome of spawning rather than actual spawning behaviour. Thus, any conclusions of active mate choice in 2014 are provisional and require confirmation from more direct tests of mate preference (Nosil et al., 2002; Conte & Schluter, 2013) . There are several mechanisms that could generate a pattern of assortative mating without active mate choice, for example post-mating genetic incompatibilities between heterotypes that results in an absence of hybrid offspring. However, such genetic incompatibilities are unlikely here for a number of reasons. First, high hybrid viability is maintained between pumpkinseed and other Lepomis sunfish species even after diverging several million years ago (Bolnick et al., 2006; Garner & Neff, 2013) , suggesting that the evolution of genetic incompatibilities is uncommon in this lineage. Second, it is not clear how genetic incompatibilities could lead to the pattern of variable assortative mating that we observed, as incompatibility should not vary between years or sites with relatively similar conditions. Another possibility is that both sexes of an ecotype associate during spawning with different microhabitat features, in which case positive assortative mating could arise without active mate choice. Nest depth and distance to shoreline only contributed to one of the 95% credibility set of models here (Table 2 ) and so appears to have low predictive weight with respect to female ecotype. Nevertheless, it is possible that ecotypes selected other microhabitat characteristics like macrophytes or boulders when choosing nest sites. We did not assess these or other nest characteristics so we cannot completely reject the possibility that unknown microhabitat characteristics influence assortative mating. Male body size appeared to influence assortative mating here as it appeared in three of the top models (Table 2) ; however, within years it had no relationship with progeny %littoral source, suggesting that body size does not influence assortative mating between ecotypes. As a result, the most likely explanation for the observation of positive assortative mating in 2014 is a weak preference for homotypic mates that is flexibly expressed depending on unknown conditions that vary in time or space.
Mate choice can evolve through reinforcement if hybrid offspring have lower fitness in the population and generate positive selection for a homotypic preference (Servedio & Noor, 2003) . The evolution of mate choice through reinforcement is expected early in divergence under intermediate levels of gene flow (Kirkpatrick, 2000; Nosil et al., 2003) . It seems likely that hybrid offspring have reduced fitness in this system because laboratory experiments demonstrate that Fig. 4 Contrasting relationships between nesting male pumpkinseed ecotype score (ES) and the %littoral source of their progeny, as a proxy for maternal ecotype, in 2014 and 2015. Male ES is component 1 of a principal component analysis (PCA) of male diet (log 10% littoral source) and relative oral jaw width for all nesting male pumpkinseed. Higher ESs indicate increasingly littoral ecotype, whereas lower scores indicate increasingly pelagic ecotype.
intermediate phenotypes of juvenile pumpkinseed have significantly reduced foraging performance compared to more specialized ecotypes on their respective littoral or benthic prey (Parsons & Robinson, 2007) . Body condition in the wild is also reduced in intermediate compared to extreme ecotypes, particularly in the pelagic habitat Jastrebski, 2001; Colborne et al., 2016) . Trade-offs in performance between habitats will contribute to selection against hybrid offspring and will favour the evolution of homotypic mate preference if phenotypic variation is heritable. Divergent phenotypic variation in pumpkinseed ecotypes is heritable for some traits , and consequently, mate choice may be favoured to evolve.
Behavioural choice experiments are currently the gold standard for mate choice research, but it is becoming clear that individual mate choice can be a highly plastic trait responding both to internal states and external factors (Lehtonen et al., 2010; Rodr ıguez et al., 2013; Ah-King & Gowaty, 2016) . Individuals can vary between indiscriminant and choosy mating in response to changes in operational sex ratio, available food resources, experience or predation risk (Wagner et al., 2001; Bonachea & Ryan, 2011) . Selection could favour plastic mate choice in pumpkinseed if the relative abundance of ecotypes fluctuates or if hybrid offspring are favoured under certain environmental conditions, because in these cases producing hybrid offspring would enhance fitness compared to producing no offspring (Pfennig, 2007; Willis, 2013) . Plasticity in mate choice has at least two important implications. First, mate choice expressed under artificial conditions may differ from mate choice under natural conditions, so inferences about the strength of mate choice in the laboratory may be misleading. A combination of field and laboratory studies may then be required to accurately assess mate choice in natural populations. Second, plasticity in mate choice will have important consequences for gene flow between diverging populations depending on the relative strength and frequency of mate choice expression. Surprisingly, few studies have evaluated the repeatability of mate choice at the level of populations (Lehtonen et al., 2010) (let alone individuals). Future studies could evaluate pumpkinseed mate choice under conditions where mate availability is particularly high because these conditions are expected to maximize any benefits of choosiness. This is the first evidence that at least two barriers to gene flow exist in polyphenic populations of pumpkinseed sunfish: flexible mate choice among ecotypes that spawn in the relatively extensive open shoreline habitat, and habitat isolation between individuals that preferentially spawn in littoral bay or pelagic shoal habitats (Colborne et al., 2016) . Pumpkinseed ecotypes exhibit strong seasonal habitat fidelity to either littoral bay or pelagic shoal habitats (McCairns & Fox, 2004) and often reproduce in the habitat in which they forage during the productive summer season (Colborne et al., 2016) . Consequently, passive assortative mating between pumpkinseed ecotypes likely occurs in Ashby Lake as a by-product of habitat use (Colborne et al., 2016) . Habitat isolation can limit gene flow between subpopulations (Nosil et al., 2006; Bolnick et al., 2009 ), but may not be sufficient on its own to impede the homogenizing effects of gene flow. Adaptive divergence is more likely to increase under the cumulative effects of multiple simultaneously acting barriers to gene flow (Nosil, 2007; Butlin et al., 2008) . In polyphenic pumpkinseed, there is little evidence of divergence at neutral microsatellite loci between littoral and pelagic ecotypes in 12 replicate populations in north-eastern North America (Weese et al., 2012; Colborne et al., 2016) . This may reflect the relatively short 12 000-year post-glacial timescale for pumpkinseed divergence (Mandrak & Crossman, 1992) or alternatively that high gene flow limits population divergence despite habitat isolation and flexible mate choice. Both ecotypes use the open shoreline habitat for spawning; therefore, the relatively weak and inconsistent nature of mate choice in this system may create substantial opportunities for gene flow between ecotypes.
Open shoreline habitat provides the majority of available spawning habitat in Ashby Lake and gene flow among ecotypes could be high should ecotypes mate at random. We expect that the total gene flow among ecotypes will reflect: (i) the proportion of total spawning that occurs in open shoreline vs. other habitats, (ii) the encounter rate between heterotypes in the open shoreline habitat, (iii) the frequency at which assortative mating occurs over space or time relative to random mating and (iv) the strength of assortative mating when it does occur. Increasingly random mating among ecotypes would effectively make this predominant spawning habitat a large mixing zone that homogenizes any genetic differences. Alternatively, if local conditions favour increasing frequency and strength of mate choice expression, then this could promote further adaptive divergence. Subsequent studies should focus on clarifying the conditions that elicit assortative mating and determine genetic variation in mate choice and its flexibility. Systems of subtle divergence like the pumpkinseed sunfish polyphenism provide unique opportunities to evaluate the nature of barriers to gene flow between adaptively diverging populations that inhabit heterogeneous environments. C. Axelrod, K. Peiman and two anonymous reviewers for helpful comments on a previous version of this manuscript. Animals were cared for in accordance with animal use and welfare standards administered by the University of Guelph under Canadian government guidelines (UAREB number 1500). This research was supported by a Discovery grant from the Natural Sciences and Engineering Research Council of Canada (NSERC) to B.W.R. and a Hart Aquatic Biodiversity Scholarship from the University of Guelph awarded to W.M.C.J.
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